chemistry at the University of Saskatchewan, he was encouraged by the Saskatchewan faculty to enrol as a PhD student at the University of Chicago. He worked on the magnetic properties of solutions of metals in liquid ammonia under the supervision of Simon Freed (1,6)*. After completing his degree in 1934 at the age of twenty-four he taught for the 1935/36 academic year at the Pennsylvania College for Women in Pittsburgh. He did not feel that this position gave him sufficient opportunity to continue the research that he wanted to do, so he took the opportunity to introduce himself to Harold C. Urey (For.Mem.R.S. 1947) at an American Chemical Society meeting in Pittsburgh and asked whether he needed a postdoctoral associate. Urey's work on deuterium had brought him the Nobel Prize in 1934 and he was then on the faculty of Columbia University in New York City. Urey was impressed by Harry's informal application and, after checking with chemists who knew Harry, gave him the position within twenty-four hours. Thus began an association that lasted over forty years until Urey's death in 1981, although Thode only worked directly with Urey from 1935 to 1938. Urey had shown that isotopes of the lighter elements differed slightly in their chemical properties and that it should be possible to trace the separation (fractionation) of these isotopes during chemical reactions. During his stay in Urey's laboratory he did pioneering work on the design and operation of systems for the partial separation of nitrogen-15 from nitrogen-14, carbon-13 from carbon-12, and sulphur-34 from sulphur-32 (2-5), beginning the work that became a dominant theme of his lifelong research. The object of the work was to obtain sufficient enrichment to allow the enriched materials to be used as isotopic tracers in such diverse fields as chemistry, biology and medicine. Urey was a scientist of ever-expanding interests, moving from physics to chemistry to biology to geology and on to astronomy and cosmology; he was clearly a role model for Thode, whose own interests expanded from physical chemistry to nuclear chemistry to geology and biology, and then to cosmochemistry.
After finishing at Columbia in 1938, Thode took a position with the US Rubber Company but after only a year he returned to Canada in 1939, surprising many people by accepting an assistant professorship in chemistry at McMaster, a small liberal arts college with only two * Numbers in this form refer to the bibliography at the end of the text. academic buildings and 600 students. This bold and courageous step illustrates the selfconfidence, independence and foresight on which his future brilliant career in science and university administration was based. This appointment gave Thode the opportunity that he wanted, namely to set up his own independent isotope laboratory. McMaster would not have seemed to many to have been the ideal place to do this and there were inevitably many problems and difficulties to overcome. But Thode was not deterred by the problems. Characteristically he simply set about solving them. The mass spectrometer had been an essential tool of Thode's research at Columbia but when he moved to McMaster there was not a single mass spectrometer in Canada and they were not available commercially. So he set out to build his own, scrounging an electromagnet and making his own spectrometer tube from Pyrex glass (8, 9). With this home-built instrument he made the first isotopic analysis of krypton and xenon from the fission of uranium-235 (10) . He also set up the first isotopefractionating column in Canada (7). It extended from the basement of the science building to the third floor in a chimney-like space that had been constructed to allow the physicists to bring light down to their basement laboratory for optics experiments. From necessity Harry became an excellent glass-blower and in later years always encouraged his students to do their own glass-blowing. During the early years at McMaster, Harry developed his own unique style as a research director. He usually gave new students or research associates definite problems to work on and then left them alone. When tangible results surfaced, or they ran into difficulties, Harry reappeared with his sound advice and judgement, and his genial words of encouragement. This style worked well, and many of his students and associates produced scientific work of high quality, and formed friendships with him that lasted until his death.
W    
From 1942 to 1945 Thode was seconded to the Canadian Atomic Energy project. During this time he worked on nuclear fission and other aspects of atomic energy. This work on radioactive isotopes followed naturally from his earlier work on stable isotopes. With a group of assistants, several of whom later developed their own distinguished careers, he designed and built isotope separation equipment and mass spectrometers, and performed some brilliant pioneering work under difficult conditions. The Canadian atomic war effort was based at the University of Montreal but Harry performed much of his work at McMaster. The object of the work was to determine the nature and concentrations of the noble gases produced by the irradiation of uranium with neutrons (10). Thode was able to identify all the stable isotopes of xenon and krypton that were produced. He discovered the existence of radioactive krypton-85 and made the first measurements of its half-life. These measurements produced the first accurate information about the relative proportions of the different isotopes produced by fission; a technical and scientific contribution of great significance.
For his many scientific contributions during the war Thode was appointed a Member of the Order of the British Empire in 1946.
S   
During the war years, security precautions prevented the publication of Thode's fission work. His first publication in this area was a 1947 paper with R.L. Graham on the design of a mass spectrometer for studies on isotopes of xenon and krypton from thermal fission of 235 U (10) . At the time, other researchers were astonished that such precise measurements could be made with micro (ca. 10 −6 cc STP) amounts of xenon and krypton. Several other papers then followed (11-13, 15) that described this work in more detail and clearly showed the existence of 'fine structure' in the 235 U fission yields, with unusually high yields of 133 Xe and 134 Xe. Later, with J. Macnamara, Thode obtained additional evidence of fine structure, which was attributed to the effects of nuclear shell structure (18, 21). Macnamara and Thode also made the first identification of xenon and krypton isotopes from the spontaneous fission of 238 U (19). This work became the basis for a method for geological dating.
After 1953, Thode's work on xenon and krypton from neutron-induced and spontaneous fission in uranium continued with some work on fission yields of krypton and xenon in a range of nuclides from 229 Th to 242 Am. With J.A. Petruska and R.H. Tomlinson, the 235 U fission yield measurements were greatly extended to cover yields of isotopes of rubidium, strontium, neodymium and samarium (27).
In 1954 Thode, with C.C. McMullen, built under contract with the Defence Research Board of Canada a high-sensitivity mass spectrometer to be used to analyse airborne debris from nuclear explosions originating in the northern USSR. This instrument was used to measure small numbers of atoms of uranium and plutonium extracted from filters carried by high-flying military aircraft over northern Canada. The isotope ratios of uranium and plutonium were used, together with isotope fission yield data, to determine the nature of the nuclear bombs.
MM  
Many of the isotope studies performed after 1959 were made possible by the existence of a nuclear reactor adjacent to the isotope research laboratory. The construction of the nuclear reactor in 1959 was itself a monument to Thode's extraordinary perseverance in the face of difficulties, and to his abilities as a scientific administrator. He and his colleagues at McMaster were able to enlist the help of E.W.R. Steacie, F.R.S., who was then head of the National Research Council of Canada. They were also able to convince the Canadian Atomic Energy Establishment that first-class research with the facilities provided by a reactor could be done at a small Canadian university.
The core of the reactor and the associated equipment were designed and built in the USA, but the building was constructed by local contractors. The reactor is a 'swimming pool' type, which had been developed in the early 1950s as an intrinsically safe instrument and a versatile source of neutrons, which is well suited to university-based research applications. The construction of the reactor established McMaster as a centre of nuclear research in North America and as a magnet for many young researchers and students interested in nuclear physics and chemistry, and in many other applications. It became an exceedingly useful tool for many researchers at McMaster and elsewhere.
The neutron beams that the reactor produced were used, for example, by B.N. Brockhouse (F.R.S. 1965) in his Nobel Prize-winning work on the inelastic scattering of neutrons. The neutrons have also been used in the production of radioisotopes and the study of their decay schemes, in mineral prospecting by neutron activation, and in nuclear engineering applications. Some of these studies, and indeed all those on short-lived radioisotopes, were made possible by Thode's plan to place the nuclear reactor adjacent to the isotopic research and nuclear physics laboratories. This became an advantage that few other laboratories could boast.
K  
For many years it had been assumed that, except where isotopes of hydrogen are involved, kinetic isotope effects would be negligible or at least not susceptible to accurate measurement. In 1948 and 1949, several researchers reported surprisingly large carbon isotope effects in the electron impact and thermal decomposition of propane and malonic acid. For example, in the thermal decomposition of malonic acid labelled with 14 C in the carboxyl group the rate of rupture of a 12 C-12 C bond was found to be 12% larger than that of a 12 C-14 C bond. This result far exceeded theoretical prediction and raised the possibility that, by using a labelled compound, trace contamination had given rise to a spurious effect. Thode, with J.G. Lindsay and A.N. Bourns (22), repeated the experiment with malonic acid of natural abundance with the McMaster mass spectrometer, which was capable of measuring isotopic ratios with a precision of better than 0.1%, and observed a much smaller temperature-independent 12 C/ 13 C effect of just over 2%, in close agreement with theory. Although Thode did not pursue this area of investigation, preferring to concentrate his efforts on the variation of isotopic abundances in nature, A.N. Bourns and his students followed up this work during the next several decades by applying kinetic isotope effects ( 12 C/ 13 C, 14 N/ 15 N, 16 O/ 18 O and 32 S/ 34 S) to the study of the fundamental mechanisms of the main classes of organic reactions. This important work was possible only because of the high-precision isotope-ratio mass spectrometers available in Thode's laboratory. Later, Thode was the first to show that the difference between the 32 S/ 34 S ratios in sulphate and sulphide was also due to kinetic isotope effects in the bacterial reduction of sulphate to sulphide.
S  
Somehow in the midst of all his activity on nuclear fission Thode was able to maintain and develop his research on his first love, stable isotopes; indeed, this became his major field of investigation. Almost at the same time as his former mentor Urey was relocating from Columbia to Chicago and establishing a laboratory for the study of stable isotopes in geological material, Thode was embarking on a similar path at McMaster and he began to concentrate on the variations in stable isotope ratios found in nature. This work was facilitated by the development at the same time by A.O.C. Nier at Minnesota of a mass spectrometer specifically designed to measure small differences in the abundance ratios of isotopes, by simultaneously measuring the intensities of the ion beams of both isotopes. In 1949 Thode built the first of a series of instruments of this type that enabled him to detect variations of a few tenths of a per cent in the isotopic ratio of the two abundant isotopes of sulphur, 32 S and 34 S. These were used by him, his research associate J. Monster, and a series of graduate students, postdoctoral fellows, and visiting scholars, to study the variations in the isotope ratios of sulphur in a large variety of naturally occurring materials. Mass spectrometers were a vital part of Harry Thode's work. He constructed the first in Canada and continued to construct new and modified versions not only for his own laboratory but also for other institutions, including the Alberta Research Council and the University of Toronto. More importantly, most of his students and postdoctoral fellows learned the fundamentals of construction of stable isotope mass spectrometers and sample preparation lines and subsequently many of these people constructed or extensively modified stable isotope mass spectrometers and built sample preparation lines in laboratories worldwide.
Harry Thode was particularly attracted to sulphur isotope effects, which he had studied earlier at Columbia, not only because they were not being studied by Urey's group, or by anyone else, but because sulphur has multiple isotopes that span a wide range of masses: 32, 33, 34 and 36. Using advances in mass spectrometry and analytical chemistry, many of which originated in its laboratory, the McMaster group laid the foundation for a thorough understanding of isotopic fractionation observed in the laboratory and for the interpretation of sulphur isotope composition as observed in nature. Thode and his group were the first to investigate sulphur isotope geochemistry. They found that, almost everywhere they looked, sulphides were depleted in 34 S and sulphates were enriched in this isotope. This is consistent with the predictions of equilibrium thermodynamics. However, Thode quickly realized that the wide range in the isotopic composition of terrestrial sulphur was the consequence of kinetic isotope effects, in particular those associated with the low-temperature bacterial reduction of sulphate, even though it had been previously believed that such kinetic effects would be too small to be of any significance. Importantly, the isotopic evidence provided irrefutable proof that many large sulphide deposits throughout the world resulted from the bacterial reduction of sulphate. This immensely important work, performed in the immediate postwar period, was published in three landmark papers: 'Natural variations in the isotopic content of sulphur and their significance' in 1949 (16) , ' The distribution of S 34 in nature and the sulfur cycle' in 1950 (17) and finally in 1951 a paper presented at the 1951 meeting of the American Chemical Society that fully considered the complete biogeochemical cycle of sulphur and the historical record of the isotope ratios of sulphate and sulphide backwards in time, leading to an assessment of the antiquity of sulphate-reducing bacteria (20) . Through a few carefully conceived experiments he showed how unidirectional kinetic isotope shifts were generated by anaerobic bacteria in the reduction of sulphate to various reduced sulphur species. This ground-breaking paper was a model for other studies of isotopic variations in the future. It began to be generally accepted that observed isotopic fractionations must be interpreted in the context of global cycles of the elements.
Continuing studies on sulphur isotope ratios were the most important part of Thode's research during the following years. He designed many chemical and bacterial laboratory isotope-fractionation experiments to improve the interpretation of the field observations; in combination with theoretical calculations, he was also able to derive information about reaction mechanisms. This multi-faceted approach set a new standard for sulphur isotope investigations. Through sulphur and carbon isotope data, Thode gave the scientific community a better appreciation of the extent and importance of natural microbial activity and its evolution. Over the years the term 'isotope biogeochemistry' evolved to describe this area of research, and Harry Thode must be considered one of its early pioneers.
A    
Thode showed how his ideas on sulphur isotopic ratios could have important applications in many different areas. He showed, for example, that the deposits of sulphur characteristically associated with salt domes are systematically depleted in 34 S relative to coexisting sulphate and must therefore be of bacterial origin. In the field of petroleum geology his researches threw new light on the origin of oil and the nature of hydrocarbon source rocks (28, 29, 37) . He showed that specific pools of oil could be marked and differentiated by their sulphur isotopic compositions. Another example was his pioneering research with J. Monster on the variation of sulphur isotopic composition of sea water over geological time (33, 35) . They showed that little isotopic fractionation occurs in the precipitation of sulphate from the sea. Subsequent sulphur isotope measurements, on marine evaporites of known geological age, provided proof that the isotopic composition of sea water had varied in the past. These data provided constraints on geological processes such as the levels of volcanic activity and the extent of continental erosion and denudation in the past. Closely allied were Thode's studies on the importance of bacterial activity in the marine environment and his extensive researches on Precambrian iron formations. Using both sulphur and carbon isotopic ratios, he confirmed the crucial role of bacterial activity in the genesis of these formations. This work also had relevance to the origin of life from the standpoint of the rise of sulphur-reducing bacteria.
Thode also invented many other applications of his sulphur isotope studies. His work provided new constraints on the source regions of igneous rocks such as granites, and in several examples he showed the powerful diagnostic potential of sulphur isotopes in the field of ore genesis. We have already mentioned his studies of the Precambrian iron formations of the Canadian shield and elsewhere. Although these deposits are of great antiquity, Thode realized that they represented chemical sediments deposited in tectonically stable environments in which the preservation of original isotopic composition would be optimized. These iron formations, some of which were dated as being roughly 2.7 billion years old, recorded the unmistakable characteristics of sulphur isotope distributions arising from sulphur reduction by bacteria and therefore attested to the presence of these organisms in marine sediments of this age. In subsequent work on even older sedimentary rocks from Isua, West Greenland (about 3.7 billion years old), comparable sulphur isotope signatures were absent, thereby placing an upper limit on the time at which sulphur-reducing bacteria appeared in the geological record (45) .
In more recent times, Harry Thode demonstrated the utility of sulphur isotopes for environmental geochemistry. A series of his papers between 1985 and 1990 were focused on core profiles of sulphur isotopic compositions from lake sediments; in these papers he showed the great utility of the sulphur isotopic composition as a monitor of anthropogenic sulphur in the environment and its relevance to environmental problems caused by acid precipitation (50) (51) (52) .
S     
Thode extended his sulphur isotope work to extraterrestrial materials, beginning with meteorites and then moving on to the study of lunar material recovered in the Apollo space pro-gramme. Thode showed that meteorites have a remarkably uniform sulphur isotopic composition, indicative of unfractionated and presumably primitive Solar System sulphur (32, 34, 44) . Nevertheless, extremely small variations were observed, which were thought to be of nuclear origin. This question was of considerable significance with regard to the various models of nucleosynthesis. The key to identifying any sulphur produced by nuclear processes lay in the determination of the rarer isotopes of sulphur, namely 33 S and 36 S (the latter representing about 1 part in 7000 of meteoritic sulphur). New analytical procedures were developed to permit the determination of these isotopes with sufficient sensitivity and accuracy, and it was established that there was no evidence in meteorites for a variation in sulphur isotopic abundances due to inhomogeneities in the processes of nucleosynthesis. These studies not only contributed significantly to the understanding of the origin of meteorites but laid much of the analytical groundwork for Thode's participation in the study of lunar rocks. McMaster was one of the few Canadian universities to be involved in the study of the famous 'moon rocks'. Much of this effort in lunar studies was carried out in the 1970s in collaboration with C.E. Rees and was focused mainly on lunar soil (regolith). They obtained the first sulphur isotope data on lunar materials by using the rare 36 S and 33 S isotopes (38) (39) (40) (41) (42) (43) (46) (47) (48) (49) . This work helped to confirm the large difference in isotopic composition between lunar rocks and soils, and was especially important in documenting the very complex history of the lunar regolith.
Throughout Harry's long career, his laboratory generated a steady flow of high-quality data bearing on fundamental aspects of sulphur isotope chemistry. His contributions to the quantitative foundation of sulphur isotope geochemistry were outstanding, and he showed an amazing insight into how these data could be used in practical applications, especially in the Earth sciences. He is quite properly regarded as the father of sulphur isotope geochemistry. It was mainly for this work that he was awarded the Arthur L. Day Medal of the Geological Society of America in 1980.
O  
Thode also worked on isotopes of elements other than sulphur, carbon, nitrogen and oxygen. With J. Macnamara, F.P. Lossing and C.B. Collins he was the first to show that the isotopic composition of terrestrial boron was variable (14) . They encountered considerable experimental difficulties in this work and perhaps for this reason there was much controversy in the open literature concerning the existence of 10 B/ 11 B variations during the next ten years. In 1961, because of the controversy and for other reasons, Thode, with C.C. McMullen and C.B. Cragg, repeated the 10 B/ 11 B ratio work with improved methods (30) . They showed that the previous absolute ratios were slightly high but the isotopic variation was essentially correct. In recent years, further developments in analytical techniques have enabled other researchers to exploit the relatively large variations in boron isotope ratio as powerful tracers for geochemical processes.
Thode's work on sulphur isotopes prompted him to look for similar effects in selenium. With his student H.R. Krouse, he conducted a study of 76 Se/ 82 Se ratios and found variations of up to 1.5%, with plant materials and soil showing the largest variations on either side of the meteoritic value (31) . In laboratory experiments, a kinetic isotope effect of 1.5% was found in the reduction of selenite to elemental selenium. Thode and his student C.E. Rees subsequently extended the observations (36) and these terrestrial selenium isotope variations are now beginning to be exploited as tracers by geochemists.
R 
Thode was intensely interested in all aspects of isotope chemistry. In 1949 he was instrumental in the formation of a clinical research laboratory at McMaster University in which he and his colleagues conducted research on the use of radioiodine ( 131 I) in the diagnosis and treatment of thyroid function disorders (23) . Although the use of 131 I in the diagnosis and treatment of thyroid disorders was fairly widespread at the time, Thode and his co-workers M.W. Johns, J.H. Gregson, G.C. Foster and C.H. Jaimet made significant improvements in the sensitivity of 131 I detection. Thode also made further studies in this area (24) (25) (26) . The test that he and his collaborators developed for the diagnosis of thyroid function disorders is still considered to be the most reliable.
Thode's radioiodine group was unusually effective because chemists, physicists and medical people were operating as a team. Thode greatly enjoyed this type of cooperative interdisciplinary work and he became a lifelong promoter of interdisciplinary research. Although the radioiodine work occupied only a brief period in his long career, it might indeed have set the stage for the creation of the McMaster University Medical Centre in 1965.
A
Thode's wartime work on fission products and related nuclear topics led him into many governmental and other national advisory scientific bodies, and inevitably he became increasingly involved in administrative tasks both inside and outside the university. In 1989 his colleagues celebrated a remarkable and unique anniversary with him, namely a record of fifty years of continuous research support from the National Research Council of Canada (later the Natural Sciences and Engineering Research Council). Under his leadership the university went from strength to strength and today it is one of Canada's leading universities. He created the new Faculty of Engineering in 1957 and appointed talented young faculty members to provide a flying start. The creation of a first-class medical research centre at McMaster had long been one of Thode's dreams and this became a reality with the opening of a building in 1965 for the new College of Health Sciences, comprising a heath sciences centre and a hospital. Again, the appointment of talented young faculty members soon enabled the McMaster medical school to achieve an international reputation, particularly for its innovative teaching methods. Indeed, Thode had an uncanny ability to pick the right people for the job. He appointed many young professors whose subsequent outstanding work contributed greatly to the enhancement of the reputation of McMaster University. His firm and persuasive leadership was of immeasurable benefit to the university. His enthusiasm, self-confidence and optimism enabled him to overcome many obstacles and inspired his colleagues to follow and support his farsighted vision for the university. Harry Thode will be remembered as a man who loved science, did superb scientific work and was an extraordinarily effective administrator. He had vision, contagious enthusiasm, amazing persuasiveness, and resolute determination. He was always modest about his achievements and gave his time generously to his friends and colleagues. Harry was blessed with a very happy family life: Sadie, his wife of sixty-two years, cheerful, outgoing, hospitable, was the perfect partner and gave him essential and constant support in all his scientific and administrative activities. He is survived by Sadie, his three sons, John Charles, Patrick Henry and Richard Lee, and eight grandchildren.
A
We are grateful to Sadie Thode, Dr A.N. Bourns, Dr C.C. McMullen, Dr H. Howard-Lock and Dr R.H. Tomlinson for their assistance in preparing this memoir.
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